Incorporation of heterologous immunoglobulin against human immunoglobulin G into the mumps HI tests provided a highly sensitive and specific way of measuring mumps antibody in human sera. The sensitivity of this enhanced mumps HI test compared favorably with that of an anti-immunoglobulin-enhanced virus plaque neutralization test, but the HI test required considerably less time and effort to perform. CRBC. Cockerel red blood cells (CRBC) from adult, 4-to 12-month-old cockerels were kept in Alsever solution. They were discarded after 4 days if unused. For use in the mumps HI test, pooled cells from three cockerels were washed three times in dextrose-gelatinVeronal buffer (15) and resuspended after the last washing in the same buffer to yield a 0.5% (vol/vol) suspension. The latter was suitable for use for up to 48 h. Sera. All sera used in the HI test were inactivated at 56'C for 30 min and absorbed with kaolin and CRBC. A 0.2-ml amount of serum was combined with 0.8 ml of PBS (pH 7.4) and 0.8 ml of 25% acid-washed, neutral kaolin in saline. The mixture was kept for 30 min at room temperature and spun at 900 x g. The supernatant fluid was absorbed with 0.2 ml of packed CRBC (washed three times in PBS) at 37°C for 1 h.
Incorporation of heterologous immunoglobulin against human immunoglobulin G into the mumps HI tests provided a highly sensitive and specific way of measuring mumps antibody in human sera. The sensitivity of this enhanced mumps HI test compared favorably with that of an anti-immunoglobulin-enhanced virus plaque neutralization test, but the HI test required considerably less time and effort to perform.
The detection of immunity to mumps is routinely performed by complement fixation, hemagglutination inhibition (HI), or virus neutralization (Nt) tests. The HI test has the advantage of being technically simple and less expensive to perform than the other two tests (8) . The disadvantages of the HI test are related to the difficulty in interpreting low levels of HI activity in serum which may be the result of difficulty in removing nonspecific inhibitors of hemagglutination (8, 16) or the result of cross-reacting antibodies to other paramyxoviruses (3, 9, 11) . Also, the HI test is considered to be less sensitive than the Nt test, and on rare occasions patients strongly suspected of having had mumps infection failed to develop HI antibody but converted serologically when tested for Nt antibody (8) .
This report describes a highly sensitive and specific HI test for measuring immunity to mumps virus. It utilizes heterologous (rabbit) antibody to human immunoglobulin G (Ig) to potentiate the specific reaction between mumps antibody and antigen. MATERIALS In reading the hemagglutination patterns in antigen titrations or in the HI test, the criteria depicted in Fig.  1 The enhanced HI test utilizing purified antigen and AIG gave a geometric mean titer (GMT) approximately 14-fold higher than the conventional HI test with standard antigen. There was good correlation between antibody titers obtained by the conventional HI test and titers obtained by the other three assays ( Table 1) .
Effect of antigen concentration and CRBC origin on sensitivity of HI test. Table  2 lists 24 different pools of CRBC (three animals per pool) used in the enhanced mumps HI test over a period of several weeks. The same preparation of purified antigen was used in all titrations. The HA titers of the antigen (in the presence of AIG) ranged from 1:256 to 1:768, reflecting different sensitivities of individual CRBC pools to hemagglutination by mumps antigen.
Each CRBC pool was further used to determine the titer of a low-titer reference serum (<1:10 to 1:20 by the conventional HI test) against several dilutions of antigen ( Table 2) . Titration of sera against one to two HA units of antigen gave significantly higher GMTs than titration of sera against three (or more) units of antigen (Table 3 ). Tests in which 1.5 and 2.0 units of antigen were utilized had the least variability, as judged by the standard deviation from the GMT. Consequently, only tests with 1.5 (3) 160 (2.0) 160 (1.5) 640 (1.0) 14 384 <10 (3) 160 (2.0) 320 (1.5) 320 (1.0) 15 768 <10 (6) 320 (4.0) a Statistical evaluation of Table 2 . b The GMT of 28 is significantly different from the GMTs of 200 and 290 at P < 0.01 and from the GMT of 515 at P < 0.001. The GMT of 290 is significantly different from the GMT of 515 at P < 0.05. c The GMT of 207 is significantly different from the GMT of 538 at P < 0.01. tants turned opalescent within a few minutes. Upon centrifugation at 200 x g for 10 min, a slight sediment formed. The clouding and precipitates were most obvious in wells containing serum dilutions from 1:10 to 1:640. When CRBC were added to such wells, the cells agglutinated even in the presence of sera, which caused inhibition of hemagglutination in the conventional HI test. Consequently, sera positive by the conventional test were negative by the enhanced HI test, with the exception of high-titer sera ('1: 1,280, Table 6 ). The interference with hemagglutination-inhibition could be avoided if the serum plus antigen plus AIG mixture was spun and the supernatant fluids were transferred to new wells before the CRBC were added (Table 6 ). This suggested that hemagglutination induced in wells at serum dilutions (c1:640 could be due to antigen-antibody complexes of nonspecific (nonmumps) human IgG and rabbit anti-IgG. This assumption was borne out by tests which showed that mumps-negative serum and AIG alone (without mumps antigen) caused hemagglutination of CRBC (data not shown). A further effect of the IgG-anti-IgG complexes and to some extent of AIG alone was a reduction of the mumps antigen titer by approximately twofold (Table 7) , most likely by trapping and removing some of the antigen by the nonspecific immune complexes.
Concentration of AIG. In a series of experiments, the concentration of AIG added to the serum-virus mixtures in the wells varied from 1: 3 to 1:20. The results shown in Table 8 show that a 1:10, but not a 1:20 dilution of AIG, gave the same enhanced HI titers as did the 1:3 dilution of AIG.
DISCUSSION
In a previous publication from this laboratory a highly sensitive Nt test for measuring mumps antibody was described (12) . The sensitivity of the Nt test was also achieved by potentiating the virus-antibody complexes with heterologous AIG. It was hypothesized that the additional layer of AIG around the virus particle or the aggregation of sensitized virus particles by AIG or both were the mechanisms accounting for the decrease ofvirus infectivity and for the increased sensitivity of virus antibody detection (12, 13) .
The same mechanism operative in reducing virus infectivity in the enhanced Nt test may be effective in increasing the blocking of the hemagglutinin in the enhanced mumps HI test. An alternative explanation may be the agglutination of the sensitized mumps antigen by AIG and its removal from the reaction mixture on subsequent centrifugation. A potentiation of the influenza HI test by AIG has been described by Hahon (5) . While the enhanced HI test is almost as sensitive as the enhanced Nt test, it takes only a few hours to perform and utilizes commonly available reagents. The test does not require expensive equipment or special expertise as do more recently developed methods of immunofluorescence (1), radioimmunoassay (2, 4, 7) , or the immunoenzymatic method (10). 
